Abstract
Introduction

26
According to the GLOBOCAN 2018 database, bladder cancer is the 10th most common 27 cancer worldwide, responsible for an estimated 549,000 new cases and 200,000 deaths 28 in 2018. 1 Cigarette smoking is a leading risk factor for bladder cancer, accounting for 29 about 50% of all cases. 2, 3 Smoking cessation has been therefore recommended to 30 prevent bladder cancer. Despite the efforts to promote smoking cessation, the 31 age-standardized incidence of bladder cancer among Japanese men has been increasing 32 from 10.6 in 2005 to 14.7 per 100,000 in 2010. 1 Further primary prevention by 33 identifying a modifiable risk factor other than smoking cigarette and avoiding its 34 exposure is essential to decrease bladder cancer incidence. 35
Alcohol consumption is recognized as a risk factor for several types of 36 cancer, including oral cavity, head and neck, esophagus, breast, liver and colorectum 37 cancer. 4 A previous meta-analysis showed no significant association between alcohol 38 drinking and bladder cancer, although the analysis included only two East Asian 39 studies. 5 Thus, the impact of alcohol consumption on bladder cancer risk remains 40 unclear in East Asian populations.
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Approximately 540 million people in the world, mainly in East Asian 42 countries, have been estimated to carry an inactive aldehyde dehydrogenase 2 (ALDH2) 43 enzyme, which oxidizes alcohol-metabolized acetaldehyde into acetate. 6 The ALDH2 44 enzyme activity is dependent on the polymorphism of the ALDH2 gene (rs671). 6 Those 45 with inactive ALDH2 alleles (inactive ALDH2 carriers) have been shown to be exposed 46 to higher concentration of acetaldehyde after alcohol consumption, and alcohol-related 47 acetaldehyde is classified by the International Agency for Research on Cancer (IARC) 48 as group 1 carcinogen. 7 
49
Our previous case-control study suggested that those with inactive ALDH2 50 alleles showed increased risk of bladder cancer among drinkers. 8 Furthermore, moderate 51 drinkers with flushing response, most of whom were considered to carry inactive 52 ALDH2 alleles, had a higher risk of bladder cancer than those without flushing response 53 in the Japanese cohort study. 9 These two epidemiological studies consistently indicate 54 that drinkers with inactive ALDH2 alleles may have an increased risk of bladder cancer. 55
Given that the inactive ALDH2 alleles are specific to East Asian populations, alcohol 56 drinking may have a strong effect of bladder cancer risk in East Asian populations To address this hypothesis, we examined the association of alcohol drinking 60 with bladder cancer from a pooled analysis of ten population-based cohort studies in 61 Japan, where approximately 40% of the population has inactive ALDH2 enzyme despite 62 some variation across areas. 10, 11 63 64
Methods
65
Participants 66
Participants were collected from population-based prospective cohort studies in Japan. 67
Inclusion criteria for this pooled analysis have been described elsewhere. 12 Ten 68 following studies met the criteria: the Japan Public Health Center-based Prospective 69 study (JPHC-I and -II), 13 the Japan Collaborative Cohort Study (JACC), 
74
The selected characteristics of each study are shown in eTable 1. Participants with a past 75 history of any cancer at baseline, with missing information on alcohol consumption or 76 smoking, and with exposure to radiation of atomic bomb of equal to or more than 100 77 mGy (for LSS) were excluded. Data on 340,497 participants were finally analyzed. The 78 study protocols were approved by the institutional review boards of respective study 79
centers. 80
Exposure data 81
Information on alcohol consumption and smoking was collected using self-administered 82 questionnaires in each study at baseline. According to frequency and amount of alcohol 83 consumption, alcohol drinking was categorized as follows: non-drinkers (never and 84 former drinkers), occasional drinkers (<1/week) and regular drinkers (≥1/week: 0.1-22.9, 85 23.0-45.9, 46.0-68.9, ≥69 g/day of ethanol) for men. For women, regular drinkers were 86 summarized into one category because a preliminary analysis showed only about 2% of 87 the women consumed more than 23 g/day of alcohol in the JPHC-I and -II (data not The 92 questionnaires similar to these studies were used in the other cohort studies although 93 validation was not conducted. 94
Statistical analysis 95
Cancer cases were identified through population-based cancer registries and active 96 patient notification from major local hospitals. Cases were coded using the International 97
Classification of Diseases for Oncology, Third Edition (ICD-O-3) or the International 98
Classification of Diseases and Health Related Problems, Tenth Revision (ICD-10). 99
Person-years of follow-up were counted from the date of baseline survey in 100 each study until the date of bladder cancer diagnosis, migration from the study area, 101 death or the end of follow up, whichever came first. Cox regression models were used 102 to estimate hazard ratios (HR) with corresponding 95% confidence intervals (CI) in the smoking status category for women [never, former, current]). In model 2, cases 106 diagnosed within 3 years from baseline were excluded. In model 3, the analysis was 107 restricted to never smokers to minimize confounding by smoking. Furthermore, in 108 model 4, the analysis was restricted to ever smokers to examine interaction between 109 smoking and drinking. Trend associations were estimated by calculating the regression 110 coefficient per 10g of ethanol increase and its standard error among current drinkers. 111
Random-effects models were used to calculate pooled estimates. Heterogeneity among 112 studies was assessed using Q-statistics and I 
bladder cancer risk. Furthermore, for women, regular drinkers showed no increased risk 127 of bladder cancer compared with non-drinkers, as shown in Table 2 . 128
129
Discussion
130
Our large-scale pooled analysis showed alcohol consumption was not associated with 131 bladder cancer risk among Japanese populations. This finding was consistent with a 132 previous meta-analysis, mainly consisting of Western population studies. 5 
133
A mechanistic role of alcohol drinking in the development of bladder cancer 134 is plausible, given carcinogenic effects of alcohol-derived acetaldehyde. Acetaldehyde 135 forms protein and DNA with adducts, leading to genotoxic and mutagenic effects. 25 
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Carcinogenic effects of alcohol-derived acetaldehyde have been also shown in 137 epidemiological studies of esophagus, head and neck, and gastric cancer. 26 Alcohol 138 consumption caused increased concentration of urinary acetaldehyde among alcohol 139 drinkers, 27 suggesting increased carcinogenic effects on the bladder among drinkers. 140
On the contrary, the association between alcohol consumption and bladder 141 cancer risk was not observed in the present study despite the high prevalence of inactive 142 ALDH2 alleles in Japan. This may be explained by our previous finding that those with 143 active ALDH2 alleles showed no increased risk of bladder even though they drank 144 heavily. 8 Moderate to heavy drinkers have more frequently active ALDH2 alleles than 145 never to light drinkers. 8 Thus, the frequent active ALDH2 alleles of moderate to heavy 146 drinkers may lead to no significant association between alcohol consumption and 147 bladder cancer. In addition, those with inactive ALDH2 alleles were shown to consume 148 less amount of alcohol because of acetaldehyde-related adverse effect such as flushing, 149 palpitations, nausea and headache. 28 The carcinogenetic effect of the inactive ALDH2 150 alleles on the bladder may be therefore attenuated by decreased amount of alcohol 151 consumption in inactive ALDH2 carriers. Another explanation for the null association Despite these limitations, the data of this study were derived from large-scale 170 population-based cohort studies in Japan, where those with inactive ALDH2 alleles are 171 frequent unlike Western countries. The analysis restricted to never smokers allowed our 172 results to remove confounding by smoking. Furthermore, prospective data collection 173 can reduce information bias, inherent in retrospective study design. 174
In conclusion, our results do not support an association between alcohol 175 consumption and bladder cancer risk in the Japanese, without consideration of 176 polymorphisms in alcohol-metabolizing enzymes. HR, hazard ratio; CI, confidence interval.
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